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SYNOPSIS

The purity of severa l brands of eugeno l was compared by using

Hi gh Performance Liquid Chromatography with a UV detector. Greater

than 95% of the impur ities seen In the LiSP eugenols were removed by

preparative liquid chromatography . NMR spectroscopy suggests that

there may be a difference in chemica l reactivity between purified

and stock eugenol.

Zinc oxi de/eugenol cements are widely used in dentistry as tempo-

rary filling materia ls , cavity liners for pulp protection , capping

materials , temporary cementation of fixed prostheses , impression

materials , and major ingred i ents of endodontic sealers. Early studies

on zinc oxide/eugenol have shown that the mixture was the least irri-

tating, coninon temporary fifing material , and is , therefore, the

material of choi ce.’’2’3 In recent studies , Erausquin and Muruzaba l ”

found zinc oxide eugeno l cement to be ,highly irritating to the pen-

ap ica l tissues and caused necrosis of bone and cementum when it came

in contact with them. Braunstrom and Plyborg 5 found hyperemla and

cell aggregation resu l ted when zinc oxide/eugenol paste was applied

to very thin dentinal walls; and when eugenol alone was used, the

reaction was more pronounced.

Since these prev ious studies did not Ind i cate the grade or purity

of the eugenol , this i nvestigation was desi gned to compare the purity

of severa l brands of eugenol and to develop a method for Its purifica- WIftS SS~~OS~~
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MATERIALS AND METHODS

U.S.P. Grade Eugenol’ ( >9 5 % purity) was obtained from three

manufacturers. Quantitative analysis was carried out on two ~-Bondapak

c18 reverse phase column s in series using a liquid chromatograPh* with

solvent programmer. Absorbance was moni tored on a UV detector at both

251. and 280 nm. The sample was eluted by a 30 m m .  linear gradien t

from 25/75 to 100% aceton ltrile**/dei Ofll Zed water.

Optimum condition s for the purIficat ion of eugenol were determined

on an analytica l ii-po nl sil column using a 60/1.0 CH2C12/Hexane mixture to

elute the sample. After the condition s were established , the sample was

purified on a preparat ive liquid chromatograPhf using a refractive i ndex

detector. Fraction s were collected to determine the purity at variou s

time s during the separation . The purest fractions were then combined

and the solvents were removed on a rotary evaporator. The comb i ned

samples were analyzed for purity and subjected to spectroscoPic analysis

to confirm their identity. Confirmation of the eugenol samples was

determined on an NMR spectrometer.tt

Both the stock and purified eugenols were prepared for NMR specto-

scopy by preparing a 20% (v/v) solution of eugenol in deuterated chloro

form (CDC1 3) with the addit ion of 5% tetramethylsi l iafle (TMS) .

* Waters Model 21.14 Liquid Chromatograph , Waters Associates, Inc .

Milford , Mass.

** Burdick & Jackson U.V. Grade , Burdick 6 Jackson Laboratories , Inc .,
Muskegon , Mich.

t Prep 500 Liqu Id Chromatograph , Waters Associates, Inc., M l i ford , Mass.

ft EM—360 NMR Spectrometer , Varian , Palo Al to, Cal if.
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For further comparison , the stock and purified eugenols were sub-

jected to infrared spectroscopy*.

RESULTS

The chromatograms (Fig. 1) illustrate the differences between

brands of eugenol. The main peak eugenol can easil y be detected In

each samp le. No attempt was made to identify each peak, but different

i mpurities can easil y be detected for each individua l sample. The UV

spectra at 280 nm also indicated that the different brands had their

own impurities.

The optimization of conditions on norma l phase resu l ted In a

K’=3.6 for the eugenol. The initial run purified onl y 5 ml of eugenol ,

and its chromatogram (Fig. 2A) shows the various fractions that were

collected for purity analysis. Purity anal ysis of the various fractions

ind icated that the third fraction collected still contained a few

Impurities which were not detected in the fourth fraction . Fraction

six remained pure but beyond this point the concentration of eugenol

vs. solvent made collection impractical. The second chromatogram

f (Fig. 2$) shows the purification of 30 ml of eugenol . in this run the

column is overloaded but the resolution rema i ned sufflcient to separate

the impurities of the compound of interest. The fina l chroinatogram

(FIg. 3) shows the purified eugenol (combi nation fractions 14-6) wIth

more than 95% of the i mpurities removed. This was calculated by com-

paring the peak areas of the Impurities In the sample before (Fig. I)

and after purification (Fig. 3).

* Perkin Elmer Model 283 Infrared Spectrophotoineter , Perkl n Elme r,
Norwa lk , Conn.

- -
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The purification process resulted in an increase in purity of the

eugenol from 95% to greater than 99 .75%. The purified eugenol was

reanal yzed after four months (Fig. 4) and there was found to be an

i ncrease in the impurity peaks but not to the level of the original

stock solutions .

The NMR spectra of the purified eugenol (Fig. 5B) closely matched

the published spectra for eugenol.7 However, the NMR spectra of stock

eugenols (Fig. 5A) showed a marked decrease in the pheno lic hydrogen

peak seen in the purified eugenol. It was observed that in stock

eugenol spectra there were no concomitant shifts produced by the missing

phenolic hydrogen peak in ~he other proton peaks.

The IR spectra of tI-c stock and purified eugenol did not show any

si gnificant differences (Fig. 6).

DI SCUSS ION

The three U.S.P. brands of eugeno i show some differen t impurities

with many of the peaks being the same in each compound with similar

retention times . The similar Impurity peaks are probabl y break-down

products from the eugenol. It is the peaks that are different In each

brand that could possibly cause problems In dentistry. This suggests

a reason why some studies 1
’2’

3 show little irritation while othersh ,5

report eugenol to be highly irritating. According to the Merck index e

eugenol is prepared from oil of cloves which is known to contain small

quan t i tie s of f u r fu ra l , and methyl amy l ketone whI ch are known irrItants

of mucous membranes. While no Identification of these compounds was

F made, elimination of the impurIties would minimize the chance of these

compounds being present.

L 
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The method of purification was relat ively easy and rapid. It took

fifteen minutes to perform the separation of 30 ml of eugenol. Over 95%

of the impurities were removed producing a product greater than 99.75%

pure.

The marked decrease in the phenolic hydrogen peak in the NMR

spectra suggests that there is some chemica l difference between the

stock and purified eugenol ; however , the IR spectra indicated no chemical

differences. This would suggest tha t sole alteration is In the dissocia-

tion of the phenolic hydrogen . This alteration in the eugenol molecule

could ind icate a possible difference in chem ica l reactivi ty . Further

studies are needed to investi gate this poss ib i l i ty .

CONCLUSION

Several U.S.P. brands of eugenol were ana l yzed for purity by reverse

phase chromatography and different contaminants ~ere seen in each. This

could be one reason for different results from study to study . Over 95%

of the contaminants were removed by preparative li quid chromatography ,

resulting in a final purity of 99.75%. Prev ious studies on the patho—

log i ca l effects of eugenol on t issue did not indicate the purity of

eugenol , but the use of this ultra-pure eugenol should prov i de good

standard ization for experimentation which w i l l  be reported later.

Finall y, even the pure eugenol was shown to degrade with time ;

but not to the extent of the original stock solution . This suggests

that a possible exp i ration date may be necessary for eugenol .
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LEGENDS

Fi gure 1. H.P.L.C. chromatograms of three brands of U .S.P.  Grade Eugenoi.

Columns: 30 cm X 3.9 mm ~i-Bondapak C ,8 ,eluent: acetonitr i le /

water; linear grad ient , 30 m m ;  flow rate 2.0 ml/min. See

text for details.

Fi gure 2A. Preparative chromatogram of 5 ml of eugenol . The numbers m di-

cate the various fractions col lected for purity analysis.

Columns: Two 5.7 X 30 cm PrepPak—500 s i l i ca  cartr idges ,

eluen t 60/40 CH2C1 2 /Hexane , f lowrate 250 mI/m m , refractive

index detector. See text for detai ls .

Fi gure 2B. Preparative chromatogram of 30 ml of eugenol. Columns: Two

5.7 X 30 cm PrepPak cartr id ges , eluent 60/1+0 CH 2C1 2/Hexane ,

f lowrate 500 rnl/mfn , refractive i ndex detector.

Figure 3. H.P.L.C. chromatogram of the purif ied eugenol.

Figure 1+. H.P.L.C. chrornatogram of the eugenol four months after purifi-

cat i on . Col umns: 30 cm X 3.9 m ~—Bondapak C 18, eluent :

acetonitr i le /water; linea r gradient , 30 m m ;  f lowrate 2.0 ml/

m m .  See text for~details .

Figure 5. NMR spectra of A. U.S.P. Eugeno l and B. purified eugenol.

The phenolic hydrogen peak is ind i cated by -OH at 5.59 ppm .

The concentratio~s of the samples were 20% eugeno l and 1% TMS

in chloroform -d. Sweep time 10 mm , sweep width 10 ppm , end

of sweep 0 ppm , sample temperature amb i ent.

Figure 6. I.R. spectra: A. U.S.P. Eugenol , B. purified eugenol.

NaC I plates; scan : 12 m m ;  sl it program : normal.
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